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T h i s  memorandum c o n t a i n s  d a t a  p e r t a i n i n g  t o  t h e  
Luna 1 6  mis s ion  and a d e t e r m i n a t i o n  of  t h e  r e t u r n  t r a j e c t o r y  
f o r  t h a t  mi s s ion .  I n  a d d i t i o n ,  t h e  s e n s i t i v i t y  of e r r o r s  a t  
e n t r y  due t o  l u n a r  launch or T E I  i n j e c t i o n  errors are  D r e -  
s e n t e d  fo r  t h e  Luna 16 miss ion  and a t y p i c a l  Hadley miGsion 
( 7 / 2 6 / 7 1 ) .  

P e r t i n e n t  d a t a  on t h e  Luna 16 mis s ion  i s  p r e s e n t e d  
i n  Table  I .  
s ive  l u n a r  launch  o n t o  t h e  e a r t h  r e t u r n  t r a j e c t o r y  w a s  dev i sed .  
T r a j e c t o r y  parameters  are p r e s e n t e d  i n  Table I1 f o r  assumed 
r e e n t r y  ranges  o f  1 2 0  and 300 NM. The s h o r t  r e e n t r y  range  f o r  
t h e  Luna 1 6  t r a j e c t o r y  i s  based on t h e  very  s t e e p  (%60°)  r e e n t r y  
a n g l e  employed f o r  t h a t  miss ion .  I t  can  b e  seen  t h a t  t h e  l u n a r  
launch  w a s  n e a r  ver t ical  r e q u i r i n g  a AV of  approximate ly  
8660 f t / s e c . *  The f a c t  t h a t  t h e  t r a j e c t o r y  from launch  t o  t h e  
M S I  i s  n e a r l y  r e c t i l i n e a r  fo l lows  from t h e  a n g u l a r  p rox imi ty  of  
t h e  l u n a r  launch  s i t e  and MSI e x i t  p o i n t .  The geograph ic  r e t u r n  
i n c l i n a t i o n  of the t r a j e c t o r y  f o r  a 2 degree e n t r y  maneuver a n g l e  
(120  NM) w a s  47.37 degrees. S i n c e  t h e  e a r t h  l a n d i n g  l a t i t u d e  

w a s  approximate ly  47 degrees  it can be  s e e n  t h a t  l a n d i n g  o c c u r s  
n e a r  t h e  h i g h  l a t i t u d e  p o i n t  of  t h e  r e t u r n  g e o c e n t r i c  e l l i p s e .  

A patched  conic  program employing a direct  impul- 

Table I11 c o n t a i n s  e n t r y  f l i g h t  p a t h  a n g l e  errors, 
and down range  and cross range m i s s  e r r o r s  a t  e n t r y ,  r e s u l t i n g  
from launch v e l o c i t y  d i s p e r s i o n s  f o r  Luna 1 6 .  S i m i l a r  d a t a  
f o r  t h e  Hadley T E I  v e l o c i t y  are p r e s e n t e d  i n  Table I V .  The 
s e n s i t i v i t i e s  o f  t h e  Luna 1 6  r e t u r n  t r a j e c t o r y  are  g e n e r a l l y  
lower t h a n  t h o s e  f o r  t h e  Hadley t r a j e c t o r y .  
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TABLE I 

Luna 16 Data 

S e p t  1 2 ,  1970 

S e p t  13 

S e p t  17  

S e p t  18 ,  1 9  

S e p t  20 

S e p t  20, 2 1  

S e p t  2 1  

S e p t  24  

S e p t  24  

E a r t h  launch ,  16:26 MT* 

Midcourse c o r r e c t i o n  

Luna 1 6  r eaches  t h e  moon, e n t e r s  a c i r c u l a r  
o r b i t  w i t h  an  a l t i t u d e  o f  1 1 0  km p e r i o d  of 
1 hour  59 minu tes ,  and i n c l i n a t i o n  of 70 deg rees  
t o  t h e  l u n a r  e q u a t o r .  

Performs c o r r e c t i v e  maneuvers r e s u l t i n g  i n  
an e l l i p t i c a l  o r b i t  w i t h  minimum a l t i t u d e  of 
15  km, maximum a l t i t u d e  of 106 km, p e r i o d  of 
1 hour 54 minutes  and i n c l i n a t i o n  of 71  degrees .  

Lunar l and ing  8:18 MT, l and ing  s i t e  0"  1 4 '  
l a t i t u d e  s o u t h ,  56O 1 8 '  l o n g i t u d e  ea s t .  

Lunar s t a y  approximate ly  2 4  hours  

Lunar launch ,  10:43 MT 

E a r t h  e n t r y ,  r e e n t r y  a n g l e  of 60 degrees  

E a r t h  l and ing ,  8:26 MT, 50  m i l e s  s o u t h e a s t  of 
Dzhezkazgan (47.48O N ,  67.24' E), 250 m i l e s  
from space f a c i l i t y  a t  Tyuratem. 

*Moscow t i m e .  
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TABLE I1 

Return F l i g h t  Parameters  for  Luna 1 6  - 

F l i g h t  Parameter 

T ime  of l u n a r  launch  

Launch v e l o c i t y  

Launch azimuth 

Launch f l i g h t  p a t h  
a n g l e  

Hyperbol ic  e c c e n t r i c i t y  

T i m e  of a r r iva l  a t  moon's 
s p h e r e  o f  i n f l u e n c e  

Earth-moon p l a n e  
c o o r d i n a t e s  of M S I  
p i e r c e  p o i n t  

Return  i n c l i n a t i o n  

E l l i p t i c  e c c e n t r i c i t y  

P e r i g e e  r a d i u s  

En t ry  f l i g h t  p a t h  a n g l e  

En t ry  speed  

True anomaly a t  e n t r y  

Landing c o o r d i n a t e s  

T r a n s e a r t h  f l i g h t  t i m e  

T ime  of  e a r t h  l a n d i n g  

Reentry Maneuver Angle 
~~ 

2' ( 1 2 0  NM) 

Sep t  2 1 ,  1 0 : 4 3  'MT* 

8664 f t / s e c  

- 1 1 7 . 9  

89 .50 '  

1.00005 

Sept 2 1 ,  2 1 : 3 5  MT 

2 . 4 '  N ,  42.37'E 

47.37O 

0 . 9 9 3 8 5 0  

869 NM 

-60' 

3 6 1 0 7 . 6  f t / s e c  

- 1 2 0 . 6 2  

4 7 . 1 4 '  N ,  6 7 . 7 3 '  E 

6 9 . 1 0  h r s  

S e p t  2 4 ,  7 : 5 2  MT 

5' ( 3 0 0  NE?) 
~~ 

S e p t  21, 1 0 : 4 3  MT 

8 6 5 6  ft /sec 

- 1 2 3 . 2 6  

8 9 . 6 5 '  

1 . 0 0 0 2  

S e p t  2 1 ,  2 1 : 3 7  

2 . 4 0 0  N ,  4 a . 5 5 0  E 

4 7 . 3 7 '  

0 . 9 9 3 8 0 5  

869  NM 

-60' 

3 6 1 0 5 . 9  f t / s e c  

- 1 2 0 . 6 2  

46 .68O N ,  6 7 . 7 3 '  E 

6 9 . 3 9  h r s  

S e p t  2 4 ,  8: lO MT 

*Moscow t i m e  
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Launch V e l o c i t y  
D i r e c t i o n  ( o u t  
of p l a n e )  

+5 ft /sec 

, -5 ft/sec 

D i s p e r s i o n s  a t  Ent ry  

F l i g h t  P a t h  Cross  Range 
Angle* M i s s  
(DEG) ( N M )  

-.70 46.4 
+.68 -46.1 

-.16 17.4 
+.13 -17.4 

-.28 -21.4 
+.25 +21.4 

TABLE I11 

S e n s i t i v i t y  of Luna 16 T r a j e c t o r y  

Down F.ange 
M i s s  
( N M )  

-78.5 
79.8 

-15.04 
15.13 

-28.6 
+28.8 

D i s p e r s i o n  

Launch V e l o c i t y  
Magnitude 

+5 f t / s e c  
-5 f t / s e c  

Launch V e l o c i t y  
D i r e c t i o n  ( i n  
p l a n e  of  
motion) 

+5 f t / s e c  
-5 ft /sec 

Dispe r s ion  = Dispersed FPA - Nominal FPA 

Reentry Maneuver Angle = 5' 
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C r o s s  Range 
M i s s  
(NM) 

I 

-10.63 
-31.46 

6.40 

a 

Down Range 
M i s s  
(NM) 

-221.3 
-477.L 
322.8 

TABLE I V  

S e n s i t i v i t y  of Hadley Return T r a j e c t o r y  

( E a r t h  Launch 7/26/71) 

D i s  

D i spe r s ion  I 
I I 

T E I  V e l o c i t y  1 Magnitude 
+2 ft /sec 
+5 f t /sec 
-2 f t /sec 
-5 f t / s e c * *  

-1.79 
-3.87 
2.61 
6.40 

T E I  V e l o c i t y  
D i r e c t i o n  ( i n  
p l a n e  of motion) 

+2 f t / s e c  
+5 ft /sec 
-2 f t /sec 
-5 f t /sec 

I -.085 
I -.21 

.09  
. 22  

TEI V e l o c i t y  
D i r e c t i o n  ( o u t  
of p l a n e )  

+2 ft/sec 
+5 f t / s e c  
-2 ft/sec 
-5 f t /sec 

I .44 
1.15 -. 40 -. 97 

*Dispers ion  = Dispersed FPA - Nominal FPA. 

**Does n o t  r e e n t e r  ( r e s u l t s  g i v e n  f o r  APSIS). 

Nominal En t ry  FPA = -6.4O 
T E I  Ve loc i ty  = 8158.4 f t / s e c  

T r a n s e a r t h  F l i g h t  T i m e  = 78.8 HR 
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